This paper investigates the effectiveness of a globally popular method of self-learning at the right level in improving the cognitive and non-cognitive abilities of disadvantaged pupils in a developing country, Bangladesh. Using a randomized control trial design, we find substantial improvement in cognitive ability measured by mathematics test scores and catch-up effects on non-cognitive ability measured by a pupil self-esteem measure. These findings are consistent with a longer-term impact found in take-up rates and scores on a national-level primary school completion exam. Moreover, the teachers' ability to assess student performance substantially improves. Based on our estimates, program benefit exceeds cost in a plausible way. Above findings suggest that self-learning at right level can effectively address the learning crisis by improving the quality of primary education in developing countries. JEL: I20, O12
I. Introduction
Global successes have been recorded in terms of school enrollment as envisaged in the millennium development goals (MDGs) . According to UNESCO (2015) , there are 83 million fewer out-of-school children and adolescents as of 2012 than there were in 1999. 1 However, more than 60 percent of primary school children in low-and middle-income countries fail to achieve a minimum proficiency in mathematics and reading (World Bank, 2018; UNESCO, 2013) . This crisis in learning is a serious concern among policy makers. Given that education is an important link to all the sustainable development goals (SDGs), improving the quality of education is a sine qua non for achieving them (United Nations, 2018) . In this context, programs that match teaching to students' ability level and learning are gaining increased attention due to their high effectiveness in improving learning outcomes (Banerjee et al., 2007 (Banerjee et al., , 2016 Duflo, Dupas and Kremer, 2011; Muralidharan, Singh and Ganimian, 2019) . 2 Nevertheless, the quality of teachers could prove a binding constraint for scaling up such interventions in a sustainable manner. Individualized self-learning programs can effectively address this constraint and thereby improve learning quality.
In Bangladesh, we test the effectiveness of a globally popular individualized program of self-learning to address the learning crisis. To improve the quantity of education, Bangladesh has been successful in increasing school enrollment and narrowing the gender gap. In this process, not only publicly provided education but also non-formal education has played a critical role. On the non-formal side, BRAC, the largest NGO in Bangladesh, has played a leading role in a collaboration with the government. In particular, BRAC primary schools (BPSs) have provided disadvantaged students with a four-year accelerated program that covers the five-year public primary school curriculum. 3 Given the success of BPS in terms of enrollment and reducing primary school dropouts, the government of Bangladesh has scaled up a modified version of BPS under the Reaching Out of School (ROSC) project, providing a low-cost platform to target children from difficult-to-reach communities and who are out of school (Asadullah, 2016) . Despite these efforts, the lack of quality education and resulting inadequate student 1 To achieve universal primary education in developing countries, a variety of policy interventions have been proposed and experimented with on both the supply and demand sides. These range from the expansion and improvement of school infrastructure to providing various incentives such as de-worming students, information sharing, free school lunches, free school uniforms, and conditional cash transfers (Kremer, 2003; Miguel and Kremer, 2004; Jensen, 2010; Duflo and Kremer, 2005; Banerjee and Duflo, 2006; Duflo, Glennerster and Kremer, 2007; Glewwe, 2002) .
2 In improving learning outcomes, demand-side approaches appear to be less promising than supplyside interventions such as increasing the numbers of teachers and schools. See Asim et al. (2017) for a meta-analysis of impact evaluation studies focusing on improving learning outcomes in South Asian countries. Other reviews focusing on the impacts of interventions on learning outcomes include: Kremer, Brannen and Glennerster (2013) ; Ganimian and Murnane (2016) ; Evans and Popova (2015) ; McEwan (2015) ; Glewwe (2014) 3 BPS has been known as one of the largest and most successful non-formal education programs targeted to disadvantaged populations in Bangladesh. BPSs have introduced a seasonally adjusted school calendar, which has been a key to their success (Watkins, 2000; Chowdhury, Jenkins and Nandita, 2014) . More details about BPS are discussed in section 2.
learning remain a serious concern in Bangladesh, as in other developing countries. 4 In this context, we adopt and evaluate the impact of the Kumon method of learning (hereafter Kumon) in improving both the cognitive and non-cognitive abilities of BPS students in Bangladesh, given its unique setting in providing non-formal education and internal efficiency compared to formal schools (Ahmad and Haque, 2011) . 5 Kumon is a non-formal education program designed to ensure that each student always studies at a level that is "just right" for him/her. 6 This philosophy is similar to the "teaching at the right level (TaRL)" approach of Banerjee et al. (2016) , although it also emphasizes the self-learning aspects of education. In Kumon, each student begins at an individually suitable starting point and learns new concepts in small steps where learning is enforced through easily understandable hints and examples. BPSs have 30 students per class with quite diverse backgrounds and a large variance in ability in the subjects taught, particularly mathematics (Nath, 2012) . This creates a potential mismatch between teaching level and individual student ability. However, BPSs cannot effectively offer TaRL as they follow the same instructional approach as government schools such as lecture style education and "teaching to the test," potentially affecting learning outcomes. The Kumon program at least partially solves such a mismatch and improves learning outcomes by providing self-learning materials for each student in mathematics. Moreover, since the Kumon method of learning is based on a paper-and-pencil method, unlike the successful e-learning or computer-assisted instructions elsewhere (Banerjee et al., 2007; Barrow, Markman and Rouse, 2009; Muralidharan, Singh and Ganimian, 2019) , the method is not constrained by limited or unstable electricity supplies we often experience in low-income communities of developing countries (United Nations, 2018) . 7 To preview our findings, Kumon has been found to substantially improve students' cognitive ability. Given that our intervention was designed to increase students' math problem-solving skills in a time-efficient manner, we use both test scores per minute and time-unadjusted test scores from two different mathematics 4 For example, Asadullah and Chaudhury (2013) find an imperfect correlation between years of schooling and cognitive outcome: among those who had completed primary schooling, only 49 percent could provide 75 percent or more correct answers on a simple arithmetic test, and the likelihood of providing more than 75 percent correct answers was only 9 percent higher when compared to children with no schooling at all.
5 While a number of existing studies have established the link between measured cognitive ability (e.g., IQ) and educational outcomes such as schooling attainment and wages, recent studies have begun to shed new light on the role of non-cognitive abilities such as personality traits, motivations, and preferences (Heckman, 2006 (Heckman, , 2007 . In fact, recent studies have begun to demonstrate that in explaining education, success in the labor market, or other outcomes, the predictive power of non-cognitive abilities is comparable to or exceeds that of cognitive skills (Heckman, 2006; Heckman, Humphries and Kautz, 2014) . Notwithstanding this, Kumon has been regarded as a successful non-formal education program in strengthening both cognitive and non-cognitive outcomes, so it is worth evaluating its impacts in a disadvantaged environment where BPS has been operating. 6 As of March 2017, there are 4.35 million subject enrollments in 50 countries and regions, according to the Kumon Institute of Education Co., Ltd.
7 According to United Nations (2018), 13% of the global population still do not have access to modern electricity and three billion people still rely on traditional power sources for daily lives, such as wood, coal, charcoal, or animal waste for cooking and heating. tests as measures of cognitive ability. The magnitude of the impact measured by test score per minute is a 2.177 standard deviation, whereby the impact comes through both test score gains and reductions in problem-solving speed. 8 In the case of the time-unadjusted test scores, the magnitude of the impact ranges from a 0.505 to a 1.198 standard deviation. In terms of non-cognitive abilities, we find catch-up effects among the pupils with initially low non-cognitive and cognitive abilities compared to the median. These findings are consistent with a longer-term impact, measured in the Primary School Certificate (PSC) examination, where exam take-up rates have risen among initially less-able students. 9 Moreover, the PSC math grades are higher among treated school graduates than among similar students from control schools in terms of initial characteristics and/or likelihood of taking the exam. As an unintended impact, we also find that the intervention significantly improves teachers' ability to assess student performance, which suggests that accessing students' daily progress records has the potential to improve teachers' quality.
The remainder of this paper is organized as follows. In Section 2, we outline our experimental design, including the setting and intervention, followed by a description of the data and baseline test results. Section 3 gives the econometric evaluation framework, followed by empirical results. Section 4 addresses the comparison of benefits and costs of this intervention, and Section 5 concludes the paper.
II. Experiment Design, Data, and Balancing Test

A. Setting: BRAC Primary School
Primarily, BPS targets children from disadvantaged social backgrounds who could not get into formal schooling at the right age or have dropped out of the system. The economic eligibility criteria states that "children of poor households having less than 50 decimals of land and at least one member of the household has worked for wage for at least 100 days" and living within a two-kilometer radius of the school are admitted in BPS (Afroze, 2012) . BPS basically covers the same standard curriculum as public schools. Up to grade three, BRAC develops textbooks and other materials, but government textbooks are used in grades four and five.
Although the BPS and government primary schools teach the same competencybased curriculum, there are some basic differences between them. Unlike the 8 These effects are largely compared to some existing interventions. For example, Lakshminarayana et al. (2013) found a 0.75 standard deviation impact from the supplementary remedial teaching provided by Indian NGOs on pupils' test scores in public primary schools. Duflo, Dupas and Kremer (2011) found a 0.9 standard deviation impact from the peer effects of tracking for the top quartile of students in Kenyan primary schools. 9 Every December, the Ministry of Primary and Mass Education conducts the PSC, and those who wish to advance to junior high school need to pass the exam. BPS is an accelerated program, so students thereof can take the PSC after completing the fourth grade if they are willing. standard primary school system of five years, BPS offers an accelerated (four-year) program to bring these children back to the formal education track (Asadullah, 2016) . In particular, BPS teachers cope with students who are falling behind in the following manner: The entry age for students in BPS is higher than that in standard primary schools (the official age is six years for entry into primary education); the schools operate under a rather flexible time schedule for three hours a day, six days a week, with fewer holidays than government schools have, which results in higher contact hours per primary cycle than government primary schools have on average; the average class size in BPS (25-30 students) is about half that of government primary schools.
BPSs are essentially one classroom/one teacher schools, whereby a teacher teaches all subjects to the same cohort. The pedagogical approach is, however, influenced by traditional methods such as group lecture followed by assignments. Students are required to pass the grade five terminal examination set by the government, which also suggests that BPS teaches learners the same skills that are taught government schools, whereby teaching to the test potentially affects students' learning.
Thus, in this context, the Kumon intervention is aimed to promote self-learning by facilitating each student in studying at the right level and learning to set goals and take challenges to the next level. Given the unique setting of this non-formal education, such as the low-cost platform and smaller class size, BPS has the potential to scale up this intervention to improve primary education in Bangladesh through developing students' cognitive and non-cognitive abilities.
B. Intervention: The Kumon Method of Learning
The Kumon method of learning has been introduced in selected BPSs among third-and fourth-grade students as a supplementary module in mathematics. Kumon aims to enable students to develop advanced academic and self-learning abilities by ensuring that they always study at a level that is just right for each student. Students are assigned to an initial level based on their individual performance on a diagnostic test (DT) provided by the Kumon Institute of Education Co., Ltd., not on the basis of their school grade or age. The Kumon method is uniquely designed to set the initial level slightly lower than the student's concurrent maximum capacity in order to: i) ensure full understanding of the basic concepts as a firm building block for cognitive ability development; and ii) stimulate students' motivation to continue studying, which also works for the development of their non-cognitive abilities such as self-esteem and sense of competence. The Kumon mathematics program is divided into 20 levels (from Level 6A to Level O), and five elective levels, comprising a total of 4,420 double-sided worksheets. All of these worksheets are carefully designed, starting from simple counting to advanced mathematics, with the level of difficulty increasing in small steps. 10
Worksheets contain example questions with hints that help students to acquire step-by-step problem-solving skills by themselves. Kumon instructors do not provide lectures; they simply observe students' progress. They adjust the level of worksheets if students are stuck on the same worksheet or cannot find the right answer after many attempts. As a result, students can absorb material beyond their school grade level through self-learning and advance to high school-level material at an early age. Importantly, slower learners can spend more time on the basics without being rushed to move on to advanced-level materials beyond their level of understanding.
Another feature of Kumon is a tracking system for each student's progress and achievements using personalized record books. Kumon instructors do not teach in the class and, hence, do not need extensive prior experience to conduct daily quizzes to monitor each student's understanding and progress. This is because Kumon worksheets are laid out in small steps to enable students to self-learn, and there is a set standard time to solve each worksheet, which allows teachers to determine which level students can advance to the next level or should repeat a level. Having detailed progress reports on the worksheets allows instructors to obtain more objective information about their students' abilities and understanding of the mathematics involved.
C. Experimental Design
To identify the causal effects of Kumon on young students' cognitive and noncognitive abilities, we design and conduct an RCT study. For our purpose, we need a design that allows us to have adequate statistical power to detect a minimum effect of at least a 0.4 standard deviation, consistent with the effect size of education intervention elsewhere. 11 Considering that randomization is conducted at the cluster (school/classroom) level, we assume an intracluster correlation of 0.10 and a statistical significance of less than 0.05 for a two-tail test. These result in a sample of approximately 26 clusters with a statistical power of 0.80. To ensure that we do not lose statistical power due to attrition or other factors, we choose a cluster size of 34, with an average of 30 students per cluster (the average class size of BPS), giving us a sample of approximately 1,000 students.
We randomly select 34 BPSs comprising third-and fourth-graders from the 179 BPSs in Dhaka and its surrounding areas, with 17 schools receiving Kumon materials and 17 schools not receiving these materials so that they can serve as treatment and control schools, respectively. 12 The resulting sample breakdown 11 Considering the results from some studies of high-impact education interventions that are teaching at the right level, such as Lakshminarayana et al. (2013) and Duflo, Dupas and Kremer (2011) , we hypothesize a minimum detectible effect of 0.40 on cognitive ability for high policy impact. 12 A stratified randomization at the school-branch level might have been more suitable in this situation; however, following a concern related to implementation challenges, we employ the method of randomization without stratification. To address concerns about potential spurious correlations between intervention and student outcomes arising from the unobserved heterogeneity across school-branches, we specify alternative models to conduct robustness checks. These are discussed in detail in Section 3. by grade is as follows: 19 (out of 48 schools) for the third grade and 15 (out of 131 schools) for the fourth grade. 13 In these schools, we select only one of the two class shifts (either morning or afternoon), with an average class size of 30 students. The intervention consists of a 30-minute session on Kumon study prior to the beginning of their regular lessons. Thus, during the study periods, students in the treatment schools come to school earlier than the usual school hours. 14 BPS usually follows flexible hours and runs for six days a week except on public holidays and teacher training days. Our intervention lasted for eight months, from August 2015 to April 2016.
For the treatment schools, the Kumon Institute of Education Co., Ltd has provided an intervention package consisting of a mathematics materials set and an instructor manual with sheets for the BRAC teacher. 15 The full materials set consists of i) mathematics worksheets with questions at various difficulty levels; and ii) a grading notebook to record everyday progress, including the level of worksheet that a student works on, the number of repetitions required before achieving a full score on the worksheet, and the number of worksheets that students finally complete. 16 During the administration of Kumon program, the BPS teachers do not provide lectures; they simply observe students' progress. They only intervene when students are stuck on the same worksheet or cannot find the right answer after many attempts. They adjust the level of worksheets in such cases. The BPS teachers also provide guidance when advanced students proceed to entirely new materials beyond the regular curriculum. The marking assistants help the teachers with grading and recording the worksheets. Until the session ends, students either move on to a new worksheet once they have achieved a full score on the previous one or continue to try and correct wrong answers until they have achieved a full score within the designated timeframe.
D. Data Description
We construct cognitive ability measures both at the baseline and endline based on two different mathematics test scores for both the treatment and control school students. These mathematics tests are developed by the Kumon Institute of 13 The treatment schools do not overlap in terms of grade. In other words, in the treatment schools, Kumon intervention is applied to either the third or fourth grades.
14 For practical purposes, our intervention departs from a standard Kumon center in two ways. First, students remain in the same classroom in which their regular BPS classes are held, while Kumon centers are normally outside school premises. Second, students are not given homework, unlike the standard practice in Kumon.
15 BRAC field staff has been assigned to assist and follow up on BPS teachers. Three days of preparatory training for BPS teachers and field staff have been held prior to launching the program to familiarize teachers with the concepts and procedures of the learning method. In addition, three follow-up training sessions have been held during the implementation period. Two marking assistants have been provided for each class to support the grading and recording of worksheets during the Kumon session. BPS teachers monitor students and determine which level of worksheets that students work on. 16 All the materials, including numbers, have been provided in the Bengali language, which is the medium of instruction for BPS teachers and students. Education Co., Ltd. and are known as the Diagnostic Test (DT) and Proficiency Test of Self Learning (PTSII). 17 The DT measures cognitive math abilities, whereby we retain records of both the score and the time taken to complete the test. The DT used for this study requires students to answer 70 questions within a maximum of 10 minutes. Hence, for the DT, we calculate test scores per minute (DT Score per min) to determine students' cognitive ability.
The PTSII has two sections: the first part consists of a total of 348 math questions within six categories measuring different dimensions of math problemsolving skills, whereby the aggregate score defines students' cognitive ability (PTSII-C). The second section consists of 27 questions, whereby the aggregate score captures students' non-cognitive ability (PTSII-NC) (See Appendix A). Among the 27 questions, 10 are consistent with the Children's Perceived Competence Scale (CPCS) (Sakurai and Matsui, 1992; Harter, 1979) , and 8 are consistent with the Rosenberg Self-Esteem Scale (RSES) (Rosenberg, 1965) . As noncognitive ability measures, we employ the aggregated PTSII-NC index as well as the CPCS and RSES indices.
To assess the long-term impact of the intervention, we also collect students' results from the PSC examination, which is a nationally administered primary education completion test by the Ministry of Primary and Mass Education. Those who wish to continue to further education need to pass the exam, and based on the exam results, letter grades from A+ to A, A-, B, C, D, and F are assigned. 18 The subjects include math and English in addition to other subjects, but we focus on the math PSC results, given that our intervention is related to math problemsolving skills. Grade-four students had a chance to take the PSC exam about 8 months after the end of the intervention (December, 2016), while grade-three students took it about 20 months after (December, 2017) . 19 We also conduct a teacher survey, as well as a parent/guardian survey. The former data are employed for the analysis of teachers' assessment ability of student performance while the latter are used for the baseline balancing test to address the comparability of treatment and control school students in terms of household characteristics.
The sample attrition rates in our study between the baseline and endline are, 17 Table B1 in Appendix B shows the list of data sets. Table B2 in Appendix B presents the descriptive statistics of major learning outcomes such as unconditional means of DT score per minute and PTSII-C score as well as non-cognitive test scores (RSES and CPCS consistent non-cognitive scores) of the control and treatment groups with the difference between the two groups at the baseline and endline. See also Appendix B regarding how the tests and survey results have been merged, as well as information on the unbalanced sample.
18 The letter grades are assigned based on the exam scores: if the score is in the range of 80 to 100, the letter grade is an A+; if 70 to 79, it is an A; if 60 to 69, it is an A-; if 50 to 59, it is a B; if 40 to 49, it is a C; if 33 to 39, it is a D; and if below 33, it is an F. http://www.educationboard.gov.bd/ computer/grading_system.php 19 Generally, this exam is administered at the end of the fifth grade as a primary school terminal examination. However, BPS adopts an accelerated curriculum that finishes at fourth grade, and the students are allowed to take the PSC at the end of the fourth grade. on average, 11.3 percent in the treatment schools and 15.6 percent in the control schools. However, there is no systematic correlation between the attrition and observed characteristics. 20
E. Balancing Test Results
We perform the baseline balance tests by comparing the main outcome variables of interest between the treatment and control group students: DT scores per minute, PTSII-C scores, and variables measuring non-cognitive abilities (PTSII-NC, RSES, CPCS) are all standardized to have a mean of zero and a standard deviation of one. Table 1 shows the baseline results of regressing each preintervention outcome on the treatment dummy, conditional on child and household characteristics, branch dummies, and test quality-adjustment variables. The test quality-adjustment variables include three dummy variables for time mismanagement (schools failing to restrict the test time or failing to assign a separate time limit for PTSII-C and PTSII-NC tests), mismatching of test level, and suspicion of cheating (27 students were reported). 21 The baseline outcome variables are balanced.
The unconditional balancing test results are reported in Table B2 of Appendix B, which shows some significant differences in the outcome variables. Firstly, we observe a faster DT completion time among the treatment group than in the control group students at the baseline, which results in a higher DT score per min. We can reasonably attribute the faster DT completion time among the treatment group to the higher proportion of cheating identified on the DT in the treatment group than in the control group. Secondly, we observe that PTSII-C scores are higher for control group students. This result can be attributed to the mismanagement of the PTSII test time: this has occurred more among the control group than in the treatment group in both directions, whereby students were given either a shorter time than the set time (6% treatment vs 12% control schools) or unlimited time (6% treatment vs 13% control schools). The shorter time might have affected the PTSII-NC (the latter half of PTSII) and most likely resulted in missing answers at the baseline as we observe. The unlimited time, on the other hand, could lead students to score higher in PTSII-C at the baseline. For these reasons, we could observe a higher average PTSII-C score among the 20 See Appendix B, which shows the characteristics of dropouts and the sample used in the analysis. To calculate attrition rates, we consider a student to be a dropout if he/she did not take either the DT or the PTSII at the endline. In treatment schools, 57 out of 478 students, and in control schools, 82 out of 526 students did not take either the DT or the PTSII at the endline for various reasons (e.g., dropout, absence on exam days, switch of schools, etc.). 21 The details of the test quality-adjustment variables are given as follows. Time mismanagement dummies: school nos. 8, 26, and 31 did not comply with the time restriction, and school nos. 9, 24, and 25 failed to allocate a separate time for the PTSII-C and PTSII-NC; and mismatching of test level dummy: Out of two levels of the DT, school nos. 14, 18, 19, and 20 in grade three took the wrong DT (Level P3 instead of P1). The DT (Level P2) used for the analysis is not directly affected, but we include a dummy variable to control for any possible indirect effect. Suspicion of cheating dummy: Based on teachers' reports and Kumon's assessment of an observed gap between DT results and the starting level of worksheets, 27 cases are reported. control group. We believe these baseline imbalances do not weaken our main conclusion in the paper because both the included cheating dummies and timemismanagement dummies can absorb for potential bias in all our estimations.
III. Empirical Specification and Results
A. Students' Learning Outcomes
Econometric specification
We employ the canonical difference-in-differences model to estimate the impact of the Kumon intervention on our measures of cognitive as well as non-cognitive abilities of student i at time t, Y it :
where the Kumon intervention is specified by an indicator variable, d, taking 1 for the treatment group and 0 for the control group; T is a time dummy; and u and ε are student fixed effects and the error term, respectively. The average treatment effects on the treated can be captured by estimated δ. For the estimation, we take the first difference of the original level equation, whereby the dependent variable captures improvements in cognitive or non-cognitive outcomes:
(1)
where ∆ is a first-difference operator. We use cluster robust standard errors at the school level. However, given the relatively smaller number of clusters, we use a wild cluster bootstrap procedure, following Cameron, Gelbach and Miller (2008) . 22 To investigate heterogeneous treatment effects, we estimate the equation (1) for four different sub-samples: i) high-initial cognitive ability and non-cognitive ability students (high-high type); ii) high-initial cognitive ability and low-initial non-cognitive ability students (high-low type); iii) low-initial cognitive ability and high-initial non-cognitive ability students (low-high type); iv) low-initial cognitive ability and low-initial non-cognitive ability students (low-low type). The cut-off points for high and low are the median value of respective outcome measures at the baseline. The parameters of interests are δ for different initial ability types. Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters). The asterisks reflect the significance levels obtained by a clustered wild bootstrap-t procedure; ***, **, and * denote the 1 percent, 5 percent, and 10 percent levels, respectively. All regressions are controlled for branch-fixed effects. We also include dummy variables for cases of suspected cheating, misguidance of test time, and mismatching of test level. Control variables: number of members in the household, number of adults in the household, number of members in the household who have completed primary education, number of males in the household, availability of electricity, availability of gas connection, source of water, house ownership, dummy for missing variables, and interaction terms between dummy for missing variables and other covariates. 
Results of cognitive and non-cognitive abilities
The first four columns of Table 2 report the results of the estimating equation 1, using cognitive outcomes that are standardized, so that the magnitudes of the impacts are reported in terms of their standard deviations. As shown, we find significant improvements in the cognitive outcomes measured by DT score per minute and PTSII-C scores. The magnitude of the impact is enormous: a 2.177 standard deviation in terms of DT scores per minute. While this effect size may seem surprisingly high compared to the effect size of education interventions elsewhere, it should be noted here that effect size on DT score per minute is coming through substantial reduction in test completion time measured as DT time (-2.274 s.d.) . However, the effect size of the DT score (0.505 s.d.), i.e., improvement in raw test score, is consistent with previous findings in literature. Unlike previous studies that have used test scores to determine cognitive ability, we use test score per minute (DT score per minute), as our intervention is designed to increase students' ability to solve math problems in a time-efficient manner, which is important in pursuing higher education with more complex materials. We also employ an alternative measure of cognitive ability, PTSII-C, to estimate equation (1). As we can see, the estimated effect size using PTSII-C is a 1.198 standard deviation. 23 While part of the improvement could result from the fact that the treated group has become comfortable with taking paper-based math quizzes, the sizable impact on cognitive ability measurements suggest that the selflearning approach had substantially enhanced their numeracy skills (particularly their arithmetic skills). When we examine DT score and DT time separately, it emerges that the large impacts on DT score per minute largely result from the improved math-problem-solving speed measured by DT time. Moreover, the magnitude of the effect on PTSII-C scores is in line with that found by past studies that have focused on teaching at the right level (Lakshminarayana et al., 2013; Duflo, Dupas and Kremer, 2011) . In contrast, regarding the non-cognitive outcomes reported in the last two columns of Table 2 , the homogeneous treatment effects estimates are insignificant. Several hypotheses are being tested at the same time: six in Table 2 . We have adjusted p-values for multiple testing by the Romano-Wolf procedure (Romano and Wolf, 2005) , finding qualitatively the same results of statistical inferences. Also, we confirm these qualitative results reported in Table 2 using endline data only (Table 3) . Furthermore, an analysis of covariance (ANCOVA) specification with baseline outcomes as covariates gives the same results qualitatively (Appendix D).
The heterogeneous treatment effects are reported in Table 4 . We find positive and significant coefficients on cognitive outcomes for all four initial ability types. The magnitudes on DT score per minute are largest for the students with high-initial cognitive and non-cognitive abilities (high-high type), while they are smallest for the students with low-initial abilities in both measures (low-low type). Regarding the non-cognitive outcomes, however, we find a catching-up effect: students with initially low cognitive and non-cognitive abilities (low-low type) show a positive and significant treatment effect on the change in non-cognitive scores (RSES) while others do not show significant effects in non-cognitive scores. These results suggest a building block hypothesis of non-cognitive ability: the Kumon intervention first improves non-cognitive ability of those who are initially lag- Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters). The asterisks reflect the significance levels obtained by a clustered wild bootstrap-t procedure; ***, **, and * denote the 1 percent, 5 percent, and 10 percent levels, respectively. ging in both cognitive and non-cognitive abilities; then, in turn, it improves the cognitive ability of those with sufficiently improved non-cognitive ability.
Since students in the treatment schools have studied Kumon materials for an additional 30 minutes per day, one might argue that the impact estimates we present here can also be due to longer session times in schools and not merely due to the Kumon intervention. To test such a possibility, we exploit the fact that some treatment schools have conducted Kumon sessions for at least five minutes longer. Using these time variations in the Kumon sessions, we examine the impact of longer study time of Kumon (Table 5 ). 24 Insignificant coefficients on the cross-term between the treatment and longer-session dummy suggest that overall outcomes are not systematically affected by a longer school session. Therefore, we believe that the impact observed in this study can be attributed to the Kumon method of learning.
Long-term impact
To assess the long-term impact of the intervention, we collect additional information regarding national examination achievements after 8 months and 20 months of intervention, respectively, for the grade-four and grade-three students in our sample. Specifically, we gather the PSC examination results as well as the reasons for dropouts, if any. From our sample, 43 (37) and 54 (53) percent of grade-three and grade-four students, respectively, from the treatment (control) schools took the exam in November-December 2016 and 2017, respectively. 25 Since the proportion of students who took the exam is higher in the treatment schools than in the control schools, we need to address the potential selection bias when comparing the PSC outcomes of the two groups. Indeed, among those who took the PSC exam, the average initial DT score of the treatment school students is significantly lower than that of the control school students. 26 To address potential selection bias, we employ alternative specifications in estimating the impact of Kumon on PSC exam participation and results in PSC 24 There is also evidence that extra hours of tutoring do not have a significant impact on test scores of NGO primary school students in Bangladesh, although they do reduce dropout rates (Ruthbah et al., 2016) . 25 We collected students' PSC registration IDs from the BPS branch offices and teachers of the schools. Then we obtained their PSC results from the government websites based on the IDs. We also collected information from the schools about dropouts from the PSC (non-takers). As described, the PSC takeup rate is relatively higher among treatment school students. The primary reason for not taking the primary terminal examination was family relocation (79 percent), while other reasons included dropouts due to labor market participation (8.5 percent), school change (7.3 percent), early marriage (1.5 percent), sickness (0.75 percent), death (0.24 percent), and no longer studying due to other reasons (2.7 percent). The registration process for this national examination (usually held at the end of November each year) begins much earlier in the year and closes in September (Nath, 2015) . This means when a child's family relocates from the area during this period, it is highly likely that they will fail to register a child for the examination at another BPS. However, we could not track the students' families to gather more information on this or about dropouts. 26 The mean DT score of PSC takers from the treatment schools is -0.021, while that of control school is 0.266, which is significantly different by 0.287 (0.092) at 1 percent significance level. Similarly, the mean of PTS-C scores among PSC takes at the treatment schools is -0.100, while that of the control schools is 0.328, which is significantly different by 0.428 (0.087) at 1 percent significance level. : PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math questions. Notes: The dependent variable is a first-difference of Math PSC score. Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters). The asterisks reflect the significance levels obtained by a clustered wild bootstrap-t procedure; ***, **, and * denote the 1 percent, 5 percent, and 10 percent levels, respectively.
Mathematics. As shown in Table 6 , we employ simple difference-in-differences (DID), DID with Heckman's sample-selection correction approach (DID-Heckman), Propensity Score Matching (PSM), and DID with Inverse Probability Weighting (DID-IPW). The latter three are for taking into account a self-selection bias in taking the PSC examination. 27 For the DID with Heckman's two-step, the firststage equation is to regress the choice of taking the exam on student age, gender, grade dummy, and the treatment dummy. The impact of the intervention is then examined, eliminating selection bias. For PSM and IPW, we match the sample based on pre-treatment student characteristics (i.e., student age, gender, and grade dummy). The results suggest that a significantly higher percentage of students from the treatment schools received slightly better grades (above B and C grades) than those from control schools (Table 6) . 28 There is no difference in the exam passing rate or likelihood of scoring more than A or A+. Overall, we find a modest long-term impact of the intervention measured by the national-level examination given outside the purview of our experiment while after the completion of the intervention.
B. Teacher Assessment Ability
In addition to student outcomes, we also examine the impact of intervention on teachers' ability to assess student performance. We hypothesize that teachers can potentially improve their own understanding and assessment of students' abilities, as the intervention will allow them to gain more information about students' skills from the daily progress records.
We collect each teacher's evaluation of individual students' performances. We then take the absolute distance between teachers' evaluations and observed cognitive outcomes (DT Score per min or PTSII-C score). 29 Using this outcome measure, we conduct the same DID specification as equation 1.
Our findings on the improvement in teachers' ability to assess student performance are reported in Table 7 . As shown in this table, we find a significant improvement in teachers' ability to assess student performance in both types of tests (i.e., a negative sign indicates that the assessment scale is closer to the actual test score scale).
These positive impacts on the BPS teachers are unintended but not a surprise, given the nature of the intervention. The BPS teachers interact with the program to the extent that they ensure that students comply with the intervention, i.e., study at the right level. By observing the study behavior and daily progress, the teachers can gain a precise idea of each students ability. While it may suggest 27 We use DID to control for time-invariant unobserved differences between the treatment and control school students that affect both the decision to take the PSC and the results themselves. DID with Heckman's sample-selection correction model is introduced to further utilize the non-linearity of the inverse-mills ratio, which is calculated based on the estimated probability of taking the PSC, to identify the Kumon effect on PSC results, controlling for the individual fixed effect and selection on taking the PSC. PSM compares students with similar observable characteristics before the intervention; thus, the selection on measured cognitive and non-cognitive abilities is controlled. Lastly, DID with Propensity Score Weighting is a combination of DID and PSM in essence.
28 The PSC grading scale is shown at the following link: http://www.educationboard.gov.bd/ computer/grading_system.php 29 The students' test scores are categorized into a 1-5 scale to match the teacher's evaluation score. Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters). The asterisks reflect the significance levels obtained by a clustered wild bootstrap-t procedure; ***, **, and * denote the 1 percent, 5 percent, and 10 percent levels, respectively. a : DT Score per Minute stands for the Diagnostic (Math) Test Score per minute: 70 questions must be solved correctly in 10 minutes. b : PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math questions.
that teachers could have modified their teaching in program schools, we find no significant difference in teaching hours or home work load between treatment and control schools. We agree that better information about students' progress makes teachers in treatment schools more accurate in their assessment of students abilities. However, our intervention promoting individualized self-learning is different from the diagnostic feedback interventions of Muralidharan and Sundararaman (2010) and de Hoyos, Ganimian and Holland (2017) , whereby baseline test results are provided to teachers/schools in order to test its impact on teaching as well as student learning. The Kumon learning approach has good potential for reducing teacher stereotyping of students by providing them with better information about their students and encouraging teaching to learning instead "teaching to the test."
IV. Comparing Costs and Benefits
Following Duflo (2001) and Heckman et al. (2010) , we calculate the benefitcost ratio (B-C ratio) and internal rate of return (IRR). Regarding benefits, we use our long-term impact estimate on math PSC scores (Table 6 ) and estimated wage returns to numeracy skills from Nordman, Sarr and Sharma (2015) that use the matched employer-employee data. The benefit per student is calculated as a product of the impact of Kumon on math ability (s.d.), wage returns on numeracy skills (s.d.), and average annual earnings. The first estimate is taken from our results on the PSC exam, and we use the most conservative number (DID-Heckman estimates), 0.212, in Table 6 . The wage returns to numeracy skills, 0.037, are taken from Table 3 , column 8 of Nordman, Sarr and Sharma (2015) . The average annual earnings are calculated based on the average hourly wage in Table 2 (50.91), multiplied by 40 hours per week and 52 weeks. The life cycle profile of earnings is calculated based on the estimates of the returns to tenure and tenure squared terms in the same regression we use for returns to numeracy skills (0.037 and -0.00067).
As the minimum cost, we consider worksheet printing costs based on the number of worksheets actually used, transportation costs, cost of purchasing clocks, salary for personnel, and training costs. For the maximum cost calculation, we added 50 percent higher worksheet printing costs if some students had completed a higher level, regardless of use. According to the project budget record, the minimum (maximum) cost per student is 8,786 (9,619) Bangladesh Taka or 113 (124) USD for eight months.
To construct the B-C ratio chart, we assume that the benefit will last from 1 year to 44 years, considering working for a lifetime from age 16 to 59 and an annual discount rate of 5 percent following Duflo (2001) . The dead-weight loss factor is unused because this program did not involve tax spending or revenue. Under the minimum (maximum) cost assumption, the benefit to cost ratio exceeds one when the benefits last for more than fifteen (more than eighteen) years, as shown in Figure 1 (Figure 2 ). It should be noted, however, that the wage returns to numeracy skills are estimated based on full-time formal sector jobs, which is a growing sector but not necessarily a representative type of employment in Bangladesh.
IRR is calculated so that the present values of benefit and cost equalize over a specified time-horizon, varying from 1 year to 44 years. The IRR becomes positive when workers continue working with benefits for more than ten (twelve) years with the minimum (maximum) cost (Figures 1 and 2) .
V. Conclusions
In this paper, we have investigated the effectiveness of a novel individualized self-learning method in overcoming the issue of low-quality teaching and learning in a developing country. Specifically, we have designed and implemented a field experiment to test the effectiveness of the Kumon mathematics learning program on improving primary school students' cognitive and non-cognitive abilities in Bangladesh. As an effective program to strengthen cognitive and non-cognitive learning outcomes, Kumon is based on a just-right level of study so that students are provided with a suitable amount of mental stimulus to enhance their academic and self-learning abilities. As an overall impact, after eight months of intervention, we find significant and robust improvements in students' cognitive abilities measured by diagnostic test scores per minute and proficiency test scores. The magnitude of this impact ranges from a 0.505 to a 2.177 standard deviation where the upper and lower bounds are measured by diagnostic test scores per minute and time-unadjusted test scores, respectively. These impacts on cognitive ability are consistent with some existing interventions such as the 0.75 standard devia- (Lakshminarayana et al., 2013) . Regarding noncognitive abilities, we find catch-up effects among the initially low non-cognitive and low cognitive ability pupils. Furthermore, we have demonstrated the longterm impact of the intervention as measured by students' achievements on the national-level examination taken 8 and 20 months after the intervention. Lastly, we have found some positive impacts on BPS teachers' capacity to assess student performance. This latter finding implies that BPS teachers might have benefited from the Kumon intervention by gaining more objective information about students' skill levels.
The contributions of this paper are summarized as follows: By demonstrating the effectiveness of an innovative "self-learning at the right level" method on students' cognitive and non-cognitive abilities as well as long-term outcomes, we believe our study contributes substantially to the existing literature focusing on improving the quality of primary education in developing countries, in particular, the literature that examines the effectiveness of pedagogical interventions on student learning outcomes (Duflo, Dupas and Kremer, 2011; Banerjee et al., 2016 Banerjee et al., , 2007 Muralidharan, Singh and Ganimian, 2019) . Since the Kumon method of learning has already been extended globally, our results are potentially generalizable to similar socioeconomic and policy contexts. We have also provided a benefit-cost comparison of the intervention, showing that the benefits will outweigh the costs in future years if the effect (in terms of labor market outcome) lasts for ten to twelve years or more.
From the policy perspective, this study demonstrates that Kumon could be an effective complementary intervention for the existing lecture-style primary education for disadvantaged students such as dropouts from formal education and those with a low socioeconomic status. Moreover, unlike the existing successful computer-assisted learning programs, the Kumon method of learning is not constrained by inadequate electricity supplies we often encountered in developing countries. 2017, the Midwest International Economic Development Conference 2017, the GRIPS-University of Tokyo Workshop 2017, Hitotsubashi University, the Kansai Labor Economics Workshop, and Hayami Conference 2016, for their useful comments. We are grateful to the authorities of BRAC, Kumon Institute of Education Co., Ltd., and Japan International Cooperation Agency (JICA) for their cooperation in implementing the study.
For Online Publication Appendix A: Kumon Method Worksheet Examples
In the Kumon method, the self-learning process is enforced by examples and hints (the first few questions with gray lines). Furthermore, students only need to learn new math concepts and calculation steps in very small increments on each worksheet, which helps them to learn autonomously. For example, the first worksheet (3A1a) allows students to learn the order of numbers (up to 100, for example). Once students have mastered these worksheets without error within a targeted timeframe, they begin to learn the concept of addition (note: completion within a targeted time is a proxy for letting students advance to the next worksheet). The second worksheet (3A71a) introduces students to the concept of "adding 1," using just an arrow. This concept follows from the number order list that students have already mastered before reaching this level. Finally, in the third worksheet (3A74a), students learn the concept of adding one using the summation sign (i.e., "+ 1").
The final worksheet (D81a) shows division by two-digit numbers. Even with more complicated arithmetic, the examples and hints as well as the preceding worksheets make it possible for students to self-learn calculation skills and some of the math concepts behind them. Please note that these worksheets comprise the English versions thereof. In the case of the BRAC primary school trail, all materials were translated into Bengali, the local language that BRAC Primary School students regularly use in class. Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters). The asterisks reflect the significance levels obtained by a clustered wild bootstrap-t procedure; ***, **, and * denote the 1 percent, 5 percent, and 10 percent levels, respectively.
Data Merging: We use student number and school number, which are uniquely assigned to each student and each school in our experiment, to merge the different datasets. Notes: Standard deviations for the columns on the means of control and treatment groups and asymptotic standard errors for the column on Difference are shown in parentheses and are clustered at the school level (34 clusters). The asterisks reflect the significance levels obtained by a clustered wild bootstrap-t procedure; ***, **, and * denote the 1 percent, 5 percent, and 10 percent levels, respectively. a : DT Score per Minute stands for the Diagnostic (Math) Test Score per minute: 70 questions must be solved correctly in 10 minutes. b : PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math questions. c : Among the second half of the Proficiency Test of Self Learning, consisting of 27 survey questions prepared by Kumon, 10 are consistent with the Children's Perceived Competence Scale (CPCS Non-cognitive Score) and 8 with the Rosenberg Self-Esteem Scale (RSES Non-cognitive Score). For survey questions related to each Non-cognitive Score, see Appendix C. The responses are recorded on a four-point scale: 1=Strongly Agree, 2=Somewhat Agree, 3=Somewhat Disagree, 4=Strongly Disagree. Both cognitive and non-cognitive test scores are standardized and used in the regression analysis.]
Appendix C: Non-cognitive Ability Survey Questions a. There is someone around me who I don't want to lose against. b. There is someone around me who I am always competing with. 26 I always try to do something when things don't go as expected.
x 27 It doesn't matter whether I fail in the beginning because x I believe that things will eventually work out.
Note: Among the 27 survey questions prepared by Kumon, 10 are consistent with the Children's Perceived Competence Scale; CPCS (Sakurai and Matsui (1992) Harter (1979) ), 8 with the Rosenberg Self-Esteem Scale; RSES (Rosenberg (1965) ), and 3 with the Grit Scale; GRIT (Duckworth et al. (2007) ). The rest are more specific to the Kumon method of learning original with four Bangladeshspecific questions (questions 24-27). The Japanese version of the original Kumon survey questions is based on Sakurai and Matsui (1992) .
Another measurement we consider is the variance in the difference between the standardized value of teacher evaluations and students' actual math test scores. A reduction in this variance implies that the teacher is able to more accurately Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters). The asterisks reflect significance levels obtained by a clustered wild bootstrap-t procedure; ***, **, and * denote the 1 percent, 5 percent, and 10 percent levels, respectively. track students' math ability, as measured by the DT score per minute and PTSII-C score, thus signifying an improvement in their assessment ability over time. For this measurement, we first standardize both the teacher evaluations and actual math test scores and calculate the school-level variance in the difference between these two values. We then employ the difference-in-differences framework. Table C2 reports the changes in teacher assessment as shown by the precision measure, taking the variance between the difference in standardized teachers' evaluation and standardized student and student cognitive-test scores. In the "treatment" for coefficient of interest, the interaction term between the treatment and the time dummy in the difference-in-differences is specified, so the signs are consistent across all grades and for both DT score per minute and PTSII-C score, while no grades demonstrate significant results. Overall, the findings suggest that teacher assessment ability of students' math skills show some improvement, but the significance level varies by grade and type of test.
As a robustness check, we use an ANCOVA model, which allows us to estimate the causal effect of a program by comparing outcomes in the treatment group with outcomes in the control group while controlling for the value of the outcome variable (and other relevant predictors) at the baseline. Hence, we minimize any potential sampling error in the impact estimates.
Unlike the case of a canonical difference-in-differences analysis, ANCOVA analyses are less sensitive to natural within-person variation in the baseline and endline variables McKenzie (2012) . Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters). The asterisks reflect significance levels obtained by a clustered wild bootstrap-t procedure; ***, **, and * denote the 1 percent, 5 percent, and 10 percent levels, respectively. a : DT Score per Minute stands for Diagnostic (Math) Test Score per minute: 70 questions must be solved correctly in 10 minutes. Both cognitive and non-cognitive test scores are standardized and used in the regression analysis. b : PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math questions. : PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math questions. Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters). The asterisks reflect the significance levels obtained by a clustered wild bootstrap-t procedure; ***, **, and * denote the 1 percent, 5 percent, and 10 percent levels, respectively. : The Initial Cognitive Score stands for the DT Score for columns (1)-(3), (6)-(8) and the PTSII-C Score for columns (4),(5),(9),(10). e : The Initial Non-cognitive Score stands for RSES for columns (1)-(5). For columns (6)-(10), CPCS is used. Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters). The asterisks reflect the significance levels obtained by a clustered wild bootstrap-t procedure; ***, **, and * denote the 1 percent, 5 percent, and 10 percent levels, respectively. : PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math questions. Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters). The asterisks reflect significance levels obtained by a clustered wild bootstrap-t procedure; ***, **, and * denote the 1 percent, 5 percent, and 10 percent levels, respectively. a : DT Score per Minute stands for Diagnostic (Math) Test Score per minute: 70 questions must be solved correctly in 10 minutes. Both cognitive and non-cognitive test scores are standardized and used in the regression analysis. b : PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math questions. Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters). The asterisks reflect the significance levels obtained by a clustered wild bootstrap-t procedure; ***, **, and * denote the 1 percent, 5 percent, and 10 percent levels, respectively. a : DT Score per Minute stands for Diagnostic (Math) Test Score per minute: 70 questions must be solved correctly in 10 minutes. Both cognitive and non-cognitive test scores are standardized and used in the regression analysis.
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: PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math questions. Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters). The asterisks reflect the significance levels obtained by a clustered wild bootstrap-t procedure; ***, **, and * denote the 1 percent, 5 percent, and 10 percent levels, respectively. a : DT Score per Minute stands for the Diagnostic (Math) Test Score per minute: 70 questions must be solved correctly in 10 minutes. b : PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math questions. c : Among the second half of the Proficiency Test of Self Learning, consisting of 27 survey questions prepared by Kumon, 10 are consistent with the Children's Perceived Competence Scale (CPCS Non-cognitive Score) and 8 with the Rosenberg Self-Esteem Scale (RSES Non-cognitive Score). For survey questions related to each Non-cognitive Score, see Appendix C. The responses are recorded on a four-point scale: 1=Strongly Agree, 2=Somewhat Agree, 3=Somewhat Disagree, 4=Strongly Disagree. Both cognitive and non-cognitive test scores are standardized and used in the regression analysis.] Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters). The asterisks reflect the significance levels obtained by a clustered wild bootstrap-t procedure; ***, **, and * denote the 1 percent, 5 percent, and 10 percent levels, respectively. a : DT Score per Minute stands for the Diagnostic (Math) Test Score per minute: 70 questions must be solved correctly in 10 minutes. b : PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math questions.
